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This invention relates to target tracking de- 
vices for fire direction instruments, particularly 
to devices for determining the lead point for the 
shelling of targets moving in space. 

One of the objects of the invention is a novel 
device of the general type, above referred to, in 
which the coordinates of the target and its vari- 
able speeds are measured in one spherical co- 
ordinate system, and the aiming device is com- 
bined with elements representing the coordinates 
measured and the speed variations in coordinate 
systems different at least in part from the first 
mentioned. 

Another, more specific object of the invention is 
a novel device of the general type, above referred 
to, in which the aforementioned elements are 
arranged so that the measured target speeds, are 
shown by means of a speed or a speed compo- 
nent within a plane representing the plane of 
sight. The representation of the speed, respec- 
tively the speed-components are given on a scale 
inversely proportional to the measuring distance. 
The representative elements are arranged and 
connected with the adjustment instruments of 
the sighting mechanism in such manner that the 
point in space, defined by the representative 
elements, and representing the observed present 
position of the target or target point, receives 
automatically a velocity fixed with regard to mag- 
nitude and direction, and controlled by manual 
adjustment of suitable adjusting elements. This 
velocity corresponds always to a target point mo- 
tion uniform with regard to size and direction 
and traveling along a path determined by the 
point position. 

Another object of the invention is a novel de- 
vice of the general type, above referred to, in 
which the elements for the manual adjustment 
of the speed of the representative point in space 
are arranged so that each one of them controls 


the elements for the speed variations of the coor- 


dinates of the representative coordinate system in 
such mutual relationship, that in the coordinate 
system of the aiming device only the speed varia- 
tion corresponding to the actuated adjusting ele- 
ment experiences a change. 

Other and further objects, features and ad- 
vantages of the invention will be hereinafter set 
forth and the novel features thereof defined by 
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In the accompanying drawings a now pre- 
ferred embodiment of the invention is shown by 
way of illustration and not be way of limitation. 

In the drawings: 

Figs. 1 and 2 show diagrams of certain relation- 
ships in the lead point determination. 

Fig. 3 is a diagram in the plane of sighting. 

Fig. 4 is a diagram in a plane perpendicularly 
to the line of sighting. 

10 Fig. 5 shows diagrammatically an embodiment 
according to the invention. 

Fig. 6 shows part of Fig. 5 in detail, and 

Fig. 7 is a computation diagram. 

The characters as used in Fig. 1 represent: 


15 I—instrument point (location at which the in- 


strument is set up) 
IO--fixed horizontal or azimuth direction 
M—target point at moment of measuring 
IM—sight-line (sight line from the instrument 
to the target point 
N—projection of M upon the horizontal plane 
through I 
T—lead point 
IT—line of sight of lead point (line of sight from 
the instrument to lead point T) 
MIT-plane—plane of trajectory sight (the plane 
which includes IM, the targe course and IT 
v—velocity of the target point 
MR--horizontal straight line, perpendicularly to 
IM 
MS--straight line, perpendicularly to IM and lo- 
cated in MIT-plane 
IF—rotating azimuth axis of the instrument 
IG—horizonial line, vertical to IM, forming the 
elevation axis for the telescopic sights of the 
instrument 
i—target point distance IM 
a—angle OIN=deflection angle of target point 
49 in the horizontal plane 
p--angle MIN=elevation angle of target point 
k--angle RMS 
p—angle—SMT 


20 


30 


35 


It is known that a lead point determination 

45 can be made by means of the values as per dia- 

gram of Fig. 2, which is a reproduction of Fig. 

_ 1, except that each distance is represented at a 
scale proportional to 
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3 
The points In, Mi, etc. in Fig. 2 correspond to 
the points I, M, etc. in Fig. 1. Such a leadpoint 
determination requires familiarity with, for ex- 
ample, the values of the angles a and ¢ resp. 
x and v, which characterize the position and speed 
of the target, of the relative target speed 


as well as the midpoint distance I or a simple 
function of it. Instead of the values » and e’, 
the components v’ and X’ as shown in Fig. 3 may 
also be chosen. 

The device according to the invention deter- 
mines automatically the values for the telescopic 
sight and range finder when used for target 
tracking. Also the device causes the speed vari- 
ations for the adjustment angle of the telescopic 
sights and the range adjustment of the range 
finder instrument to vary automatically—once 
the device has been correctly set with regard to 
the coordinates of the target and their speed 
variations—so that the telescopic sights and the 
range finder instrument remain set on the target 
if it continues its course along a straight path 
and with a uniform motion. It is known that 
such a linear automatic tracking of the target 
with telescope and range finder is practicable in 
such a way, that the coordinates and the velocity 
of the target point are represented as coordinates 
and speed components in an appropriate coordi- 
nate system. The latter permits a certain speed 
to be imparted by manual adjustment to the 
point fixed by the representative coordinates. 
The speed is then kept unchanged with regard 
to magnitude and direction during the displace- 
ment of the point, until one of the adjusters 
makes a new manipulation. The elements repre- 
senting the coordinates and speed components in 


the second coordinate system, are connected with 40 


the elements for the aiming of the telescopes and 
the adjustment of the range finder in such a 
way, that the point in space, defined by the ad- 
justment of these devices, moves automatically 
at a uniform motion with regard to magnitude 
and direction. Thus, once the sighting mech- 
anism has been correctly set, it tracks the target 
automatically, without necessitating any read- 
justment of the speed variations of the succes- 
sive values supervised by the adjusters. Hence, 
the adjusters need to make adjustments only 
when a setting error occurs or the target course 
or speed is changing. 

With the devices for automatic tracking, as 
hitherto known, it is always necessary that the 
representing coordinate system constitutes a re- 
production on a fixed scale of the conditions in 
space. 

According to the invention it is possible to 
arrange the elements for the representative coor- 
dinates so that the speed of the target point is 
represented on a scale inversely proportional to 
the distance of the target point. Whence the 
representative speed maintains a uniform direc- 
tion, and in respect to its magnitude it obtains 
such a motion variation, that the elements repre- 
senting this velocity direct the elements for the 
adjustment of the telescopic sight and the range 
finder in such a way, that the point in space, 
fixed through the adjustment of these elements, 
obtains a uniform motion with regard to magni- 
tude and direction. 

Further, the invention makes it possible that 
the representative motion consists of compo- 
nents, which represent the components of the 


-1 
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4 
target point velocity contained in the plane of 
the trajectory sight. In a special case the re- 
sultant of the target point motion is shown. 

Fig. 3 shows the plane of the trajectory sight 
relating to Fig. 2, but with the distances and 
angles contained therein. The designations are 
in part the same asin Fig. 2. In addition: 

IA- the vertical to the target course MT 
MB—the vertical to the line of sight IM 
y=AAIM=ABMT 
y’=variable speed of these angles 

£ 


es (speed variation of the distance divided by 
l “the distance) 


The following relationship results from Fig. 3: 


=e’, sin v 


1 
p’=e’, COS y 
For the value 

v 

Dre 

ew: 

the following variable speed e” results: 

et ines Se AN 2 


e Ll 


since »’ is zero, as the target is assumed to move 
with a constant velocity. The angular velocity 
vector v’, which lies in a plane vertical to the line 
of sight IM, may be divided into a velocity vector 
of the angle of elevation p', and a velocity vector 
of the angle of deviation o’, as seen on Fig. 4 
which shows this plane. The characters of Fig. 
4 agree with those used in Figs. 2 and 3. 
According to Fig. 4: 


o! =v". COS K 


3 
g’=v', sin k 
It is easily seen that: 
o’=a' . COS p 4a 
and also that: 
a’ = g 4 


“eos p 


The operation of the device, as shown in Fig. 
5 is based, among others, upon the relationship 
as given by Equations 1 to 4. 
According to the embodiment shown in Fig. 5, 
a flat disk | is rotated with a uniform velocity 
by a speed regulated motor. Engaging disk { is 
a friction wheel 2, which is radially movable 
towards disk |, by means of clawlike elements 3 
and a nut 1 displaceable on a screw 8. The fric- 
tion wheel 2 is rotated with a velocity, which is 
proportional to its distance from the center- 
point of the disk |. This distance may be pro- 
portional to e’, so that the rotary velocity of the 
wheel 2 is proportional to e. This rotary veloc- 
ity is transmitted by an axle 4 to a component 
resolving apparatus 5. This latter is arranged 
in such a way, that a rotary velocity n4 imparted 
to it, is divided into two rotary velocities ng and 
mio at axles 9 and |0 respectively according to 
the following equations: 
Ny=Ny. SİN U 
| 5 


NUSEN 4. COSU 


where 4 is an angle set up in the apparatus 5, 
whose value can be determined by means of an 


axle 6. Giving it a value v, a comparison be- 
tween Equations 1 and 5 shows that 

NISKA 

Miossr.y 


5 
Hence, axle 9 receives a rotary velocity, which 
is proportional to X. The position of its angle 
becomes proportional to 


7 LA 
Ass fy diz fja=toe. 


Coupled with this axle shall be the range-finder. 
The axle 10 receives an angular velocity propor- 
tional tor. By transmitting this rotary velocity 
with a suitable ratio of transmission to the angle 
adjusting element of apparatus 5, angle u is 
caused, after having been given the correct start- 
ing value as described below, to follow automat- 
ically the value v, if the latter varies during the 
tracking of the target. The rotary velocity of 
axle 10, proportional to »’, is transmitted to axle 
6 through bevel gears if, 12 and 13, i4, an axle 
15, a differential 16, an axle 11, bevel gears 18, 
19, an axle 20, bevel gears 21, 22, an axle 23, 
and bevel gears 24, 25. The rotation of axle 10 
is further transmitted to an apparatus 26, which 
is similar to apparatus 5. The angle u receives 
the value « in apparatus 26 through axle 21, and 
this latter transmits to the axles 28 and 29, the 
rotary velocities nes resp. n29, Which are propor- 
tional to p' resp. o’ according to a comparison 
between Equations 3 and 5. The rotary velocity 
of the axle 28 is transmitted through suitable 
step-down gears to the axle of elevation of the 
telescopic sight. The rotation of axle 29 is trans- 
mitted to a resolving apparatus 39, which is 
arranged in such a way, that for a given rota- 
tional velocity n: of axle 29, it transmits to the 
axles 31 and 32 the rotational speeds n31 resp. 
nax in accordance with equations: 


Ngg 


NET 


cosu 


N32 Nag. tan u 


The value p is given to the angle u in appa- 
ratus 30 by means of bevel gears wheels 33, 34, an. 
axle 35, bevel gears 36, 37 and an axle 38. Com- 
paring Equations 4, 4a and 6, shows the follow- 
ing results: 


n31=K.0" 
N2=K.0’.Sin p 


The rotational velocity of axle 31 is trans- 
mitted to the azimuth aiming device of the tele- 
scopic sight by means of a step down gearing. 
The use which is made of the rotational velocity 
of the axis $2 is described hereinafter. 

A disk 39 serves to obtain automatically the 
value e' i.e. for the formation of e'’’. The disk 39 
receives a rotational velocity proportional M 
from axle 9 by means of bevel gears 40, 4i, an 
axle 42 and bevel gears 43, 44. Engaging disk 39 
is a friction wheel 45, which is displaced by claw- 
like element 46 so that the distance of the wheel 
45 from the center of the disk 39 remains always 
equivalent to the distance of the wheel 2 from 
the center of disk |. This distance is propor- 
tional to e’. The rotational velocity of wheel 45 
becomes proportional to the rotational velocity 
of disk 39 and the distance of wheel 45 from the 
center of the disk 39, i. e. to the product ca. 
A comparison with Equation 2 shows that this is 
proportional to e”. The rotational velocity of 
the wheel 45 is transmitted through an axle 41, 
a differential 48 and bevel gears 49, 50 to screw 8. 
Through rotation of the latter, the value of e is 
influenced in such a way, that e’ becomes smaller 
when X’ and e’ are positive. The angular posi- 
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6 
so that a desired starting value of e’ can be set 
by rotation of axle 47. 

In order to track a target, an observer adjusts 
in his telescopic sight the azimuth hairlines to 
the position and velocity of the target. Another 
observer adjusts in his telescopic sight the ele- 
vation hairlines to the position and speed of the 
target. A third observer ascertains that range 
and range rate as set in a range finder instru- 
ment coincide with those of the target. If one 
of the three observers notices a discrepancy in 
the target tracking as to the value observed by 
him, he makes in the device described above such 
combination of changes of e’, x and x, that for 
the respective value controlled by him correct 
adjustment is restored. However, it is practi- 
cally impossible for the respective observers, to 
judge for each occurring situation that appro- 
priate combination of changes to be made, and 
at the same time to execute the same. Hence, 
the device for target tracking must be arranged 
in such a way, that each observer has a hand- 
wheel which directs the elements for the adjust- 
ment of e’, y and « in such a way, that of the 
values indicated by the tracking device only the 
value watched by this particular adjuster is 
influenced. The pertinent arrangements are 
shown on Fig. 5. The conditions for the opera- 
tion of these arrangements can be deduced from 
Equations 1, 3 and 4a. In (1) the first equation 
is multiplied by sin » and the second by cos r, 
whereupon the results are added. Thus one 
obtains: 


e’=)’ . sin »-+-V’ . COS » 


A change Ae’ of e’ due to small changes of X’ and 
v' is then given by 


Ae'-5AN . Sin »y+Av’ . cos y’ 7 
Similarly there is obtained from (3) 
Av’=Ag’ . Sin xfAo” . COS K 8 


and from (4a) 
Ao’=Aa - COS p 
Division of the Equations 1 results in 


N 
tan v= 
v 


(9) 


A change Av of v determined through small 
changes of \’ and » is then given by 


Av VAN-NAV' 
cost y v2 
or by entering the relations of Equation 1 by 


N. - Av’ .si 
wae COS y : v’ sin y 10 
€ 
similarly there is obtained from (3) 
, CE ri 4 
Apne . COS K sa .SIN K il 
v 
or 
‘cos x—Ao’.sin x 
aaae = g SIN K lla 
E€’. COS r 


The relations obtained may be reduced to the 
following equations: 


_ Ag’. cos k— Aa! . cos p.sin x 


Ak 7 12 
€ .COS y 
Av= 
Pence ee j : 
gah cos v—Ag’.sin x sin y-- Aa” COS p. COS k.SIN » 
13 
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Ae 
Ad’ .sin v+ Ap! .sin «.cos »-+Aa’. cos 9, C08 K. COS y 
14 


The Equation 12 is derived from lla and 9, 
the Equation 13 from 7, 8 and 9, and the Equa- 
tion 14 from 10,8 and 9. From the Equations 12, 
13 and 14 it is immediately apparent that a 
change Aa” is transmitted to the elements for the 
change of angle x in the ratio 

cos p.sin x 

T El cosy 
as well as to the elements for the change of angle 
v in the ratio 

cos p.cos x.sin » 

ma a 

and to the elements for the change of e' in the 
ratio cosp.cosx.cos v. Further it is apparent 
that a change of Ag’ is transmitted to the ele- 
ments for the change of angle « in the ratio 


CoS x 
E€’ Cosy 


to the elements for a change of angle » in the 
ratio 


sin x.sin v 

air? a 
and to the elements for the change of e' in the 
ratio sin x.cos v. The final result is that a change 
And’ is transmitted to the elements for the change 
of v in the ratio 

COS p 
ce! 

and to the elments for the change of e’ in the 
ratio sin v. 

In order to secure automatic tracking, devices 
are required which impart to the set values e’, y 
and x, automatically the correct speed variations. 
Devices for the correct variation of e’ and » are 
previously described. The variable speed of x may 
be computed by means of Fig. 7. In this figure, 
points I1, Mı, Ni and O1 correspond to the points 
of same designation in Fig. 2. O: represents in 
this figure at the same time the point of inter- 
section of the target course with the horizontal 
plane (the fixed direction 1:0: has been selected 
in this manner). MiK lies in the plane of sight- 
ing I101Mi and is vertical to 1:M:, that is, the 
vector v’ runs along MiK. The line IN: is ex- 
tended to the point L, which latter is located 
so that LMil: is a right angle. As KMili and 
LMil: are right angles, the plane KLM; is verti- 
cal to the line I1:M:. The angle x lies hence in 
the plane KLM:. x is the angle between KM: and 
a horizontal line M:ıRı vertical to IıMı through 
Mi. Line M:ıRı lies hence also in the plane KLM:. 
In this plane, KL is horizontal and hence parallel 
to line MiRi. The angle LKM, is hence equal 
to x. As the plane MiLI: is a vertical plane, the 
horizontal and to IıMı vertical line MiR: is ver- 
tical to every line in the plane Mill. Hence, 
this is also true for the line KL, and the angle 
KLIi is therefore a right angle. Setting the 
length of Mılı=1, the following applies: 


and from this 
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tan Ere co os =p 15 
Setting angle 
M101N1=7 
and angle 
T1101N--:p 


and drawing NiH vertical to Oil, one obtains 
NiH=M1N1.cot 9.sin a--MiNi.cot y.sin f 
and from this 
sina sin 8 


= =const. =C 16 
tang tang 
From (15) one obtains 
ng 
; tan @.cos p.p — =a" 
joa (aro tan 22 3 P? Cost a 
KP = o 
di tana sin? g+tan? «æ 
and from (16) 
sin 
tan p.cos aa SES. 
sin an) — cos? ¢ o 
5 tan p tan? p 
Or 
sina 
sin ¢.coS a.a’= sgl 17 
Eng cos o f 


Solving p' in (17) and introducing the value for 
x' one obtains 


“eine TA p.a! 18 
According to Equation 18 the speed variation 
of x is represented in Fig. 5 as a rotational ve- 
locity of axle 32 proportional to a’ sin p. 
The relationship obtained from the various 
variable velocities may be reduced to the follow- 
ing expressions: 


,__€/.COS ¥.COS K 
cos p 


y’=e’' cos ».sin x 
A’=e/ siny 


K' = — e€’.cOS v.COS x.tan ¢ 


v’ =e€’.cos y 


Of these, the first results from (3) and (4, the 
second from (3) and (1), the fourth from (18), 
(3) and (4), and the last from (1). As wheel 2 
and the axle 4 represent the value e through 
their angular velocities, the conditions repre- 
sented through Equations 19 for the automatic 
target tracking with the device according to Fig. 
5 can be summed in such a way, that the axle 4 
is in such gear connection with a plurality of 
other elements, that these elements represent 
certain speed variations by means of their angu- 
lar velocities. The angular velocity of axle 4 must 
therefore be transmitted at a ratio of 


COS »v.COSK 
cos g 


to the element 3! for the representation of the 
speed variation a’ and at a ratio of cos p.sin x to 
the element 28 for the representation of the speed 
variation p', and at the ratio sin » to the ele- 
ments 9, 42, and 38 for the representation of the 
variation speed X’, and at the ratio of —cos » 
cos x tan p to the element 93 for the repre- 


ye sentation of speed variation x', and finally at 
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the ratio of cos » to the elements {0 and 15 for the 
representation of the speed variation v’. All 
these conditions are fullfilled with the device 
according to Fig. 5. 

Fig. 5 shows also the devices, which form auto- 
matically the increments Ae’, Av and Ax of the 
values e', v and x from the increments: Aa’, Ap” 
and AX to the adjustment speeds added by the 
adjusters of the target tracking instrument. 
The handwheel for the azimuth observer for the 
adjustment of the azimuth tracking velocity is 
designated by 51. By means of this wheel 5i, a 
resolving apparatus 52 receives increments to 
the rotational angle proportional to Aa’. The 
apparatus 52 is arranged in such a way that 
when receiving a rotational angle Aws: it turns 
the axle 53 through the angle Awss. This latter 
has the following relation to angle ws3 


Atos3==Aww51.C0S U 20 


By means of bevel gears 33, 34, axle 35, bevel 
gears 54, 55, and an axle 56, there is received 
the value p in the apparatus 52, and Awss becomes 
proportional to 


Aa”. COS p=Ao’ 


The angle increment mentioned is transmitted 
to an apparatus 57. 

By means of a handwheel 58, the adjuster for 
elevation transmits angle increments to an axle 
59, which are proportional to the angular veloc- 
ity increments Ap” desired by the adjuster for ele- 
vation. These angle increments are also trans- 
mitted to an apparatus 57. This apparatus 57, 
shown in Fig. 6 more in detail, includes two sim- 
ilar component forming devices, one coacting with 
axle 53 and the other with axle 59. Each of these 
devices comprises a spherical ball 116 and 121 re- 
spectively which by means of supporting rollers 
(not shown) is mounted freely rotatably about 
its own center. The balls are revolved by means 
of a driving roller 115 and 120 respectively which 
rollers are mechanically coupled to the corre- 
sponding one of the axles 53 and 59 so as to fol- 
low the rotation of the respective axle. The 
mounting axis of each of said driving rollers is 
so connected to a rotatable element, for instance 
a rotatable ring 123 and 124 respectively, that the 
mounting axis by means of said element can be 
set in a position in which it forms an angle p of 
any desired value with a, fixed direction. In Fig. 
6 each of said rotatable elements is set to the de- 
sired angle by means of a driving roller (11 and 
{22 respectively, driven by an axle 62. Each of 
the balls is engaged by two rollers 113, 114 and 
{18, 119 respectively which rollers are driven by 
the balls and so mounted that the mounting axis 
of one of the driven rollers of each pair is par- 
allel to the aforesaid fixed direction while the 
mounting axis of the other driven roller of the 
pair forms an angle of 90 degrees with the said 
direction. By this means, a rotation of, say the 
axle 53, through a certain angle Aws3 will produce 
rotation of one of the corresponding driven roll- 
ers through an angle Aws3.cos u and rotation of 
the associated driven roller through an angle 
Aws3.sin win one or the other direction as desired. 
The rotations of the driven rollers are trans- 
mitted by means of their axles 112, {10 and iit, 
{09 respectively to two differential gearings 107 
and {08 respectively, included in the apparatus 
57. One of these differential gearings drives an 
axle 60 and the other an axle 61. The connec- 
tions are so selected that the angle increments 
Aweso and Aws of said axles 60 and 61 respectively 
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resulting from the angle increments Aws3 and 
Aws of the axle 53 and 59 respectively, at any 
value of the said angle u will fulfill the following 
equations: 


Aweo= AW sin u-+ AW. COS u 
21 
AW = AWsp. COS U— Aws3. sin U 


The two rotatable elements in which the drive 
rollers are mounted are mechanically coupled to 
an axle 62 by means of which the angle u can be 
given the value x. From Equation 8, it is ap- 
parent that Awso becomes proportional to Av’ and 
from Equation ila, that Aws: becomes propor- 
tional to Ax-e “cos v. Similarly, an apparatus 63 
of the same structural design as apparatus 57 
forms from the angle increments transmitted 
through the axles 64 and 65, which increments 
are proportional to Av’ and also to the increments 
of the speed variations A)’ of the logarithm of the 
distance as introduced by a wheel 76 by the per- 
son measuring the range, angle increments of the 
axle 41a and 11, which according to Equations 7 
and 10 are proportional to the following 


Ae=An’.Sin y--Av’.cos y 
and 
e’.Av=A’.cos »y—Av’.sin v 


The angle increments Aweso of axle 60 are trans- 
mitted to axle 64 through the bevel gears 66, 67 
and 68, 69, an axle 10, bevel gears 1i, 12, an axle 
13 and bevel gears 14, 15. The increments to e 
received through the axle 47a are transmitted 
through differential 48 to screw 8, which deter- 
mines the position of friction wheel 2. Into dif- 
ferential 48 the continuovs automatic increment 
to e” is introduced by friction wheel 45. 

A continuously variable gearing 18 is adjusted 
by means of an axle 19. The adjustment of the 
latter is controlled through the position of the 
screw 8 which is adjusted for the gear ratio 


1 

€ 
by bevel gears 80, 81, and axle 82 and bevel gears 
83, 84. 

According to Equation 10, this gearing forms 
angle increments to an axle 85 proportional to 
the angle increments Av introduced by means of 
axle 11. In differential |6, the angle increment 
of axle 85 proportional to Av is added in the 
proper proportions to the rotational angle of 
axle 15, which changes proportionally to the 
angular velocity v’. Thus the rotational angle 
of the axle {7 receives a proper starting value 
due to the increments of the training velocity en- 
tered by the observers into the target tracker by 
the hand wheels 51, 58 and 16. The rotational 
angle of axle 11 also receives a proper variable 
speed due to the rotational velocity of axle 15, 
so that the rotational angle mentioned, con- 
tinues to adhere to its proper value. Hence, the 
angle of setting u in the apparatus 5 and 63 re- 
ceives at all times the proper value v. 

A ballastic cam 87 is located in the carriage 86, 
which latter moves in the same relation as fric- 
tion wheel 2, that is, so that the displacement 
distance is proportional toe. The cam 87 rotates 
through an angle proportional to angle v, about 
an axis parallel to the direction of the displace- 
ment of carriage 86. This rotation occurs by 
means of axle 23, bevel gears 88, 89, an axle 90, 
a cylindrical gear 91, and a cogwheel 92, which is 
fixed to cam 87. The cam is formed so that a 
feeler dog 93 resting against its surface is dis- 
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placed from its original position by a distance, 
constantly proportional to the momentary value 
of e cos v. A follow-up motor 84 is arranged in 
such a manner that it constantly imparts to an 
axle 95 a rotational angle, which is proportional 
to the displacement of dog 93, that is propor- 
tional to e "cos v, when measured from a fixed 
original position. A gearing 96 is adjusted by 
means of axle 95, hence corresponding to e” cos v. 
This gearing is designed in such a manner, that 
its gear-ratio becomes provortional to 


1 
re” cosy 


In the gearing 96, the angle increments Awe: are 
transmitted to axle 61. Due to this gear-ratio, 
the angle increments of an axle 97 become pro- 
portional to Ax, as apparent from Equations 11a 
and 21. In a differential 98, these angle incre- 
ments are added in the correct proportion to 
the angle position of axle 32, which changes pro- 
portional to the angular velocity (—a’-sin p). 
As the azimuth and quadrant or elevational sight 
adjusters turn the respective wheels, an axle 99 
receives the proper starting angle. The latter 
maintains its correct value—proportional to 
x--due to the automatically correct rotational ve- 
locity of axle 32. The angular position of axle 
99 is transmitted to axle 62, by means of bevel 
gears (00, 101 and further to axle 27 by bevel 
gears 102, (03, an axle 104 and bevel gears 105, 
106. The angular displacements u of apparatus 
57 and 26 automatically maintain its correct 
value throughout. 

This description pertains only to one now pre- 
ferred embodiment of the invention. The latter 
may also be accomplished by representing, by 
means of appropriate elements, for example the 
velocity components \’ and v’ shown in Fig. 3. 
In that case, additional elements have to be in- 
troduced, which transmit automatically to N and 
v’ the proper variable velocities \’’ resp. v”. 


These may be computed from Equation 1. A 
derivation results in: | 
fe’! sin v-e’. cos vv’ 
: : 22 
v’=e'', cos p—e’. sin v.v’ 


Introducing e” according to Equations 2 and e’ 
sin » resp. e’ cos v, according to Equation 1, re- 
sults in: 


Av 2x 2 

P 23 
vo’ ==—2."d’ 5 
v and N may be formed analogous to e’ in the 
embodiment previously described, and v’ 2,\’ 2and 
v, may be formed analogous to e’-\’ as de- 
scribed above. 

For the shelling of moving targets, a target 
tracking device according to the invention permits 
to ascertain all data, as are needed for the de- 
termination of the lead point. These data are 
conveyed to a computing instrument especially 
devised for this kind of determination. For ex- 
ample: In the embodiment of Fig. 5, the magni- 
tude of a may be learned from axle 31, the mag- 
nitude of p from axle 28, the magnitude of X 
from axle 9, the magnitude of « from axle 99, 
the magnitude of » from axle 20, and the magni- 
tude of e’ from axle 8. 

While the invention has been described in de- 
tail with respect to a certain now preferred ex- 
ample and embodiment of the invention it will 
be understood by those skilled in the art 
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after understanding the invention, that various 
changes and modifications may be made without 


_ departing from the spirit and scope of the inven- 
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tion and it is intended therefore, to cover all such 
changes and modifications in the appended 
claims, M 

What is claimed as new and desired to be se- 
cured by Letters Patent is: 

1. In an automatic target tracking apparatus 
for targets moving through space, the combina- 
tion of a first group of means comprising a shaft 
system including an azimuth shaft 3f for regis- 
tering the present azimuth angle (a), a shaft 28 
for registering the present elevation angle (bp), 
and a shaft 9 for registering the present range 
value (loge=\), the values registered by said 
shafts, respectively, representing in polar coor- 
dinates the vosition of an observed point (M) in 
space. a variable speed mechanism 1, 2 for rotat- 
ing the said shafts, continuously variable re- 
solvers 5, 26, 30 interconnecting the said shafts 
with said speed mechanism so as to rotate con- 
tinuously and automatically the said shafts cor- 
resnonding to the movement of the observed 
point (M), speed control means 3, 7. 8 coacting 
with said speed mechanism for adjusting the lat- 
ter for an output speed (e’) equal to the velocity 
(w) of the observed point (M) divided by the 
present range value (e), said control means be- 
ing controlled by the shaft 9 for registering the 
present range value (e), a shaft 29 for rexister- 
ing the present angle (v) between the line of sight 
(IM) for said observed point (M) and the tan- 
gent of a path along which the said observed 
point (M) moves, gear means connecting said last 
mentioned shaft with the aforementioned system 
of shafts for rotating the said shaft 20 by the 
system of shafts, a second shaft 99 for registering 
the present angle (x) between the plane of sight 
(MIT) for said observed point (M) and a hori- 
zontal line (MR) perpendicular to said line of 
sight (IM), gear means connecting said latter 
shaft with the aforementioned system of shafts 
for rotating the said shaft 99 by the svstem of 
shafts: and a second grouv of means 51. 58, 16 
comprising one element 5{ for altering the rate 
of change (a’) of the azimuth angle (a), one 
element 58 for altering the rate of change (’) of 
the elevation (6), and one element 15 for al- 
tering the rate of change (x’) of the logarithm 
CX) of the present range value ( (e), gear means 
and continuously variable resolvers 52, 51, 62, 78 
connecting said second group of means with re- 
snective shafts of the first group of means to pro- 
vide for a change in the values of the rate of 
changes (a’, ¢’, X’), thereby permitting a varia- 
tion of the course and speed of said observed 
point (M) so that the same corresponds to the 
course and speed of a target to be observed and 
tracked. 

2. An apparatus as described in claim 1, where- 
in an axle 4 is connected to said drive means 1,2 
for rotation thereby with an angular velocity 
proportional to (e'), the rotational movement of 
said axle 4 being transmitted to said azimuth 
shaft 3f over the said interconnected resolvers 
and gears of the first group of means at the 


-ratio 
COS ».COS K 
a cos } 
(through 5, 10, 26, 29, 30 to 31), at the ratio 


cos » sin x to said elevation angle shaft 28 
(through 5, 10, 26 to 28), at the ratio sin » to 
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said shaft 9 for the loragithm X (through:§ to 9), 
at the ratio —cos r-cos x-tan ¢ to said shaft 89 
for the angle x (through 5, 10, 26, 29, 38, 32, 98 
to 99), and at the ratio cos œ to said shaft 20 
for the angle » (through 5, 11---19 to 20). 

3. An apparatus as described in claim 1, where- 
in the aforesaid continuously variable resolvers 
5, 26, 30 controlled through shafts 10, 15, 11, 28, 
23, 6; 27, 104, 62; 28, 35, 38 and gears it to (4, 
16, 18, 19, 21, 22, 24, 25: 105, 106, 102, 103; 33, 
34, 36, 37, and wherein continuously variable re- 
solvers and gearings are connected to the ele- 
ment 5f of the second group of means for chang- 
ing the rate of change a', when the said element 
is rotated through an adjustment angle Aa’, are 
arranged to transmit rotational movement at the 
ratio 


cos p.8iN K 
€’,cos Pp 


of said angle Aa’ to the said shaft $9 for the 
angle x (through 52, 53, 51, 6f, 96, 91, and 98 
to 98), to transmit rotational movement at the 
ratio 


COS ¢.cos x.sin » 
a 
of said angle Aa” to the said shaft 20 for the 
angle » (through 52, 53, 51, 60, 66—69, 70—15, 
64, 63, 1T, 18, 85, 16—19 to 20), and to transmit 
rotational movement at the ratio cos ¢-cos x-cos » 
of said angle Aa’ to the said control means 3, 1, 8 
of the output speed e (through 52, 53, 51, 69, 
66—175, 64, 63, 4Ta, 48—50 to shaft of screw 8); 
and wherein the continuously variable gearings 
and gears connected to said element 58 for alter- 
ing the rate of change ¢’, when said element is 
rotated through an adjustment angle Ag', are 
arranged to transmit rotational movement at the 
ratio 


cos «K 
€’.COS » 


of said angle Ag” to the said shaft 99 for the angle 
x (through 59, 5T, 61, 96, 97, 98 to 99), to trans- 
mit rotational movement at the ratio 


sin x.sin » 

Sa 
of said angle Ag” to the said shaft 20 for the angle 
» (through 59, 57, 60, 66—75, 64, 63, 77, 18, 85, 
16--19 to 20), and to transmit rotational move- 
ment at the ratio sin x-cos » of said angle Ag’ 
to the said control means. 3, 1, 8 for the output 
speed e’ (through 59, 57, 60, 66—15, 64, 63, 4Ta, 
48, 49, 50 to shaft of screw 8), and wherein said 
continuously variable gearings and gears con- 
nected to said element 16 for altering the rate of 
change M’, when said element is rotated through 


an adjustment angle AX', are arranged to trans- gg 2,065,303 


mit rotational movement at the ratio 


10 


15 


20 


26 


30 


35 


40 


14 


COS » 
e! 

of said angle Ad’ to the said shaft 20 of the 
angle v (through 65, 63, 11, 18, 85, 16, #7, 18, 19 
to 20), and to transmit rotational movement at 
the ratio sin » of said angle Ad’ to said control 
means 3, 1, 8 for the output speed e (through 
65, 63, 47a, 48, 49, 50 to shaft for 8). 

4. An apparatus as described in claim 3, where- 
in the said resolvers 5, 26, 30 include a resolver 
5 which is self-controlled and another resolver 
26 which controls still another resolver 30. 

5. An apparatus as described in claim 1, in 
combination with a disk-shaped element 39 ro- 
tated by said shaft 9 for the logarithm à rotates 
(through 40—44) with an angular velocity pro- 
portional to said rate of change X', a rotatable 
element 45 driven by the said disk-shaped ele- 
ment 39 and controlled by said drive means for 
the output speed e’ so as to maintain the distance 
between said rotatable element 45 and the center 
of said disk-shaped element 39 continuously pro- 
portional to the quantity e’, and a shaft 41 ro- 
tated by said rotatable element 45 with an angu- 
lar velocity proportional to the product e’.\’, the 
rotational movement of said last-mentioned shaft 
41 being transmitted (through 48---50) to said 
drive means for said output speed e’. 

6. An apparatus as described in claim 1, in 
combination with a rotatable ballistic cam 81 
mounted for movement in rotary and axial di- 
rection, said cam being rotated by means of said 
shaft 20 for registering the present angle between 
the line of sight (IM) for said observed point 
(M) and the tangent of a path along which the 
said observed point (M) is moved by means of 
the respective shafts and gears, said cam being 
moved in axial direction by said control means 
3,1,8, a dog 93 engaging the surface of said cam 
81 for control of the dog position by the con- 
figuration of the cam surface, and a motion-cre- 
ating means 94 controlled in output speed by 
the position of said dog, the output speed of the 
said means 94 being transmitted to the shaft 98 
for registering the present angle (x) between the 
plane of sight (MIT) for said observed point (M) 
and a horizontal line (MR) perpendicularly to 
said line of sight (IM) by means of the respec- 
tive shafts and gears. 
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